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Abstract - One of the barriers for engaging engineering 
faculty in the scholarship of learning and teaching is the 
challenge of learning a new vocabulary.  Becoming 
fluent in engineering education requires the acquisition 
of new concepts and ideas that are often expressed in 
unfamiliar terms.  Feedback control is a technical field 
common to a range of engineering disciplines that can be 
used as a model to help bridge the conceptual gap 
between traditional engineering and engineering 
education.  Many of the key elements of engineering 
education can be represented by the elements of a 
feedback control system, with their behaviour in a 
learning environment paralleling their behaviour in a 
process control context.  The feedback control model can 
be used to explain: the importance of timely feedback to 
students, the significance of assessment and evaluation in 
the learning process, the impact of learning styles upon 
learning outcomes, and the need for student-centered 
teaching approaches.  While both fields have 
complexities that cannot be captured by simple models, 
the basic ideas can be explained simply.  Feedback 
control metaphors make the basics accessible to a wider 
audience of engineering faculty. 
 
Index Terms – Feedback Control, Formative Assessment, 
Summative Assessment, Program Evaluation 
 
INTRODUCTION 
Despite the fact that almost all engineering faculty teach, the 
vast majority have formal training in an engineering 
discipline rather than engineering education.  These faculty 
members often lack a fundamental conception of the 
assumptions, beliefs, and foundational concepts of 
engineering education.  In the engineering education 
literature concepts such as assessment and evaluation are 
key to understanding the field, forming the language and 
structure of the discipline of engineering education.  
Communication with colleagues focused on technical 
engineering disciplines can be hampered when education-
specific terminology is used.  Such breakdown in 
communications can lead not only to a lack of 
understanding of how students learn, but an active disdain 
of engineering education as “fuzzy studies”.   
Could communication be improved if technically 
trained engineers had a better understanding of how 
engineering educators viewed and approached their 
discipline?  It is possible that such understanding can be 
built by finding a common language that engineers, whether 
technically or education focused, can share?  Due to the 
overlap between engineering education and education, 
sociology, and psychology, engineering education will, for 
the foreseeable future, need to keep a specialized jargon that 
describes concepts unequivocally.  However by making 
analogies with concepts well understood by engineers across 
multiple disciplines, the communication barrier can be 
lowered.  
This paper presents a set of analogies between ideas 
common to engineering education and ideas of control 
theory.  Control theory is common to most engineering 
disciplines, and chemical, electrical, and mechanical 
engineers are particularly well versed in these ideas.  
Control theory additionally has developed a set of schematic 
diagrams where different parts of a system are broken down 
into functional units, and the behavior can be understood, at 
least in a global sense, by a relatively simple diagram.  The 
remainder of this paper examines specific, and basic, 
concepts of control theory, and in each case makes an 
analogy with assessing and improving student learning.  In 
each case well-known, textbook behaviors of systems are 
explored and similarities between the predictions of control 
theory and assessment of learning objectives are made.   
This paper does not claim to make an exact match 
between engineering systems and students nor claim that all 
results of control theory have a matching analog in 
engineering education.  Rather by offering analogies, or 
perhaps “technical parables”, it is hoped that the 
communication toolbox of the engineering educator can be 
improved.  The remainder of the paper explores both open 
and closed loop control analogies.  A set of short vignettes 
is presented covering examples of increasing sophistication 
in control and education.  The vignettes are sequential in 
that each adds an additional element to improve the process 
outcome, at the cost of complexity.  The goal of a series of 
vignettes is to assist faculty whose background is primarily  
engineering take the “next step” in improving course 
outcomes. 
THE OPEN LOOP MODEL 
Perhaps the most fundamental control system is the “open-
loop” model.  In control theory open loop systems are used 
when the system to be controlled is well defined.  Examples 
of open-loop control systems are toasters or washing 
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cohort will require new instructional methods.  Year-by-
year, each of these changes is likely to be relatively small.  
This year’s cohort is much the same as last year’s; the 
equipment has not become obsolete in twelve months.  The 
system remains predominately linear.  But over time these 
gradual changes will add up, and the set-points of the 
feedback system will need to change.  Ultimately it is the 
process of self-reflection, such as occurs during external 
program accreditation, that serves to provide a mechanism 
of adaptive control to keep the program up-to-date with 
changes.  One caveat is that is not only necessary to 
evaluate programs, but faculty need also to use the results of 
program evaluation in their teaching. 
CONCLUSIONS 
This paper presents feedback control as an analogy for 
the student learning process.  This analogy allows for a 
number of key themes in engineering education to be 
presented in a format that a wide range of engineering 
faculty find familiar.  Like any analogy, this model will 
break down if taken to extremes; it would be dangerous to 
try to quantify the response of the system given the current 
state of understanding of how students learn.  However, the 
analogies between engineering education and control theory 
may be useful to make the following concepts clear to 
technical colleagues: 
• The significance of assessment and evaluation in the 
learning process; 
• The need for student-centered teaching approaches; 
• The impact of learning styles upon learning outcomes; 
• The importance of timely feedback to students. 
The feedback control analogy presented in this paper 
has been built on simple, linear models.  As with any 
system, this assumption allows for the simplicity necessary 
for understanding the results.  Since the goal of a university 
program is technical and personal development, it is also 
necessary to consider students and the discipline as 
changing in time, or being fundamentally non-linear.  These 
changes may occur rapidly and are forced, in part, by 
universities.  Thus good teaching doesn’t just adapt to the 
students, it changes the students.  As the students acquire 
lifelong learning skills–gaining new filters with which to 
learn–the way in which they learn will evolve.  Accounting 
for these changes requires a more sophisticated feedback 
control model.  Such non-linear control models do exist, and 
it may be worth looking into lessons from control theory to 
expand the toolbox of program evaluators. 
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